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PDWHULDO GDPDJH IULFWLRQ YLEUDWLRQV HWF 7R XQGHUVWDQG WKLV
SURFHVVDQDO\WLFDOPRGHOVKDYHEHHQGHYHORSHGEDVHGRQVRPH
DVVXPSWLRQVVXFKDVLGHDOL]HGVKHDUSODQH0HUFKDQW¶VPRGHO
>@ SHUIHFWO\ SODVWLF PDWHULDO /HH DQG 6KDIIHU¶V VOLS OLQH
PHWKRG>@7KH2[OH\¶VPRGHO>@ZKLFKKDVFRQWULEXWHGWR
EHWWHUUHVXOWVXSWRGD\DOVRPDGHVRPHDVVXPSWLRQVRISDUDOOHO
VLGHGVKHDUSODQHXQLIRUPGLVWULEXWLRQRIVWUHVVRQWKHWRROFKLS
LQWHUIDFH DQG XQLIRUP WHPSHUDWXUH GLVWULEXWLRQ RQ WKH VKHDU
SODQH/DWHO\QXPHULFDOPHWKRGVVXFKDVILQLWHHOHPHQWPHWKRG
> @ DQG VPRRWKHG SDUWLFOH K\GURG\QDPLFV >@ KDYH EHHQ
DGRSWHGWRSURYLGHPXFKPRUHUHDOLVWLFUHVXOWV
([SHULPHQWDOPHWKRGVVXFKDVTXLFNVWRSPHWKRG>@KLJK
VSHHG ILOPLQJ >@ DQG LQIUDUHG WHPSHUDWXUHPHDVXUHPHQW >@
KDYH EHHQ XVHG WR TXDOLWDWLYHO\ DQDO\]H WKH PHWDO FXWWLQJ
SURFHVV7RDFKLHYHTXDQWLWDWLYHDQDO\VLVRIPHWDOFXWWLQJVXFK
DV VWUDLQ DQG VWUDLQ UDWHJULGPDUNLQJPHWKRGKDVEHHQXVHG
>@ 5HFHQWO\ SDUWLFOH LPDJH YHORFLPHWU\ 3,9 DQG GLJLWDO
LPDJHFRUUHODWLRQKDYHEHHQDGRSWHGWRREWDLQWKHGHIRUPDWLRQ
ILHOGVZLWKRXWJULGPDUNLQJRQWKHZRUNSLHFH>@
+RZHYHU SDUWLFOH LPDJH YHORFLPHWU\ DQG WHPSHUDWXUH
PHDVXUHPHQW KDYH QRW EHHQ XVHG WRJHWKHU WR TXDQWLWDWLYHO\
XQGHUVWDQGWKHPHWDOFXWWLQJSURFHVVLQFOXGLQJWKHVWUDLQVWUHVV
DQG WHPSHUDWXUH ILHOGV DQG WKH VWUHVV GLVWULEXWLRQ DORQJ WKH
VKHDU SODQH 7R IXUWKHU WKH XQGHUVWDQGLQJ RI PHWDO FXWWLQJ
SURFHVV WKLV SDSHU SUHVHQWV D QHZPHWKRGRORJ\ WR VWXG\ WKH
RUWKRJRQDOFXWWLQJPHFKDQLVPEDVHGRQWKHGLVSODFHPHQWDQG
WHPSHUDWXUH ILHOGV REWDLQHG E\ 3,9 WHFKQLTXH DQG WKHUPDO
LQIUDUHG LPDJHU UHVSHFWLYHO\7KH VWUDLQ DQG VWUHVV ILHOGV DUH
FRPSXWHG EDVHG RQ WKH WKHUPRHODVWRYLVFRSODVWLFLW\
FRQVWLWXWLYH PRGHO ZLWK WKH GLVSODFHPHQW DQG WHPSHUDWXUH
ILHOGVDVLQSXWV(TXLYDOHQWVWUDLQUDWHVWUDLQDQGVWUHVVILHOGV
DUHREWDLQHGDFFRUGLQJWRWKHFDOFXODWHGUHVXOWV7KHJHRPHWULHV
RI WKH SULPDU\ VKHDU ]RQH 36= DQG WKH VKHDU VWUHVV
GLVWULEXWLRQVDORQJWKHVKHDUSODQHIRUGLIIHUHQWFXWWLQJVSHHGV
DUHH[WUDFWHG
([SHULPHQWDOVHWXS
7KHFXWWLQJWHVWVKDYHEHHQFRQGXFWHGRQ90&&DILYH
D[LVPLOOLQJPDFKLQHFHQWHU7KHH[SHULPHQWDOVHWXSLVEDVHG
RQWKDWRI*XR>@6RPHLPSURYHPHQWVKDYHEHHQPDGH)RU
LQVWDQFHWKHG\QDPRPHWHUDQGWKHLQIUDUHGZLQGRZDUHDGGHG
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7KH H[SHULPHQWDO VHWXS FRQVLVWV RI FXWWLQJ V\VWHP FDPHUD
OLJKWLQJV\VWHPDQGWKHUPDOLQIUDUHGLPDJLQJV\VWHP
2.1. Acquisition devices 
$SFRGLPD[+'FDPHUDZLWK&026VHQVRUFRXSOHGWRD
1DYLWDU;]RRPOHQVV\VWHPKDVEHHQXVHGIRULPDJLQJRQH
VLGH RI WKHZRUNSLHFH DW WKH UDWH RI  ISV DQG WKH YLVXDO
LPDJHVSDWLDOUHVROXWLRQLVPSHUSL[HO7ZRZDWWV/('
OLJKWVDUHXVHGWRLOOXPLQDWHWKHVFHQHSURYLGLQJFOHDULPDJHV
7KHRWKHUVLGHRIWKHZRUNSLHFHKDVEHHQREVHUYHGE\D)OLU
$VF LQIUDUHGFDPHUDZLWKDFORVHXS; OHQVSURYLGLQJD
VSDWLDOUHVROXWLRQRIPSHUSL[HO,QIUDUHGLPDJHVRIELW
[  SL[HOV FDQEH UHFRUGHG DW UDWHV XS WR +]7KH
ZRUNSLHFH HPLVVLYLW\ KDV EHHQ LGHQWLILHG XVLQJ D
PXIIOHIXUQDFHDQGD WKHUPRFRXSOHZLWK WHPSHUDWXUH UDQJLQJ
IURP&WR&LQILYHSRLQWVDQGLWLVFDOLEUDWHGDV
7KHKLJKVSHHGFDPHUDDQGWKHLQIUDUHGFDPHUDDUHPRXQWHG
RQWKHPLOOLQJPDFKLQHWDEOHDQGUHPDLQVWDWLRQDU\ZLWKUHVSHFW
WRWKHFXWWLQJWRRO$FRPSOHWHYLHZRIWKHVHWXSLVVKRZQLQ
)LJ

)LJ3ULQFLSOHDQGVWUXFWXUHRIWKHH[SHULPHQWDOVHWXS
2.2. Cutting conditions 
7KH ZRUNSLHFH XVHG LQ WKLV SDSHU LV PDGH RI QLFNHO
DOXPLQXPEURQ]H1$%XVHGIRUPDULQHSURSHOOHU7KH[
[PPZRUNSLHFHKDVEHHQJULQGHGSROLVKHGDQGEODVWHG
ZLWKPLFURJODVVEHDGV WR LPSDUW VRPHVXUIDFH LUUHJXODULWLHV
WKXVLQGXFLQJEHWWHUDFFXUDF\LQWKH3,9
7KHFXWWLQJ WRRODGRSWHGKHUH LVPDGHRIKLJKVSHHGVWHHO
ZLWKDUDNHDQJOHRIDQGDFOHDUDQFHDQJOHRI%RWK
VLGH VXUIDFHV RI WKH WRRO KDYH EHHQ JULQGHG DQG SROLVKHG LQ
RUGHUWRSURYLGHDQLQWHQVHFRQWDFWZLWKWKHWHPSHUHGJODVVDQG
LQIUDUHG ZLQGRZ ZKLFK LPSRVH D FRQVWUDLQW RQ WKH ZRUN
PDWHULDOVLGHIORZ
%HFDXVHRIWKHORZIUDPHUDWHRIWKHLQIUDUHGLPDJHUDQGWKH
YHORFLW\OLPLWDWLRQRIWKHPDFKLQHWRROWKHFXWWLQJYHORFLW\V,
LV YDULHG EHWZHHQ  PPLQ DQG  PPLQ 'XH WR WKH ORZ
VSDWLDOUHVROXWLRQRIWKHLQIUDUHGFDPHUDPSHUSL[HOWKH
FXWWLQJGHSWKLVVHWDVODUJHDVPPWRSURYLGHPRUHLQIUDUHG
LQIRUPDWLRQ
&XWWLQJSURFHVVPRGHOLQJ
7KHYLVXDOLPDJHVDUHSURFHVVHGXVLQJWKH3,9DOJRULWKPWR
JHWWKHGHIRUPDWLRQILHOGVZKLOHWKHWHPSHUDWXUHILHOGLVHDVLO\
REWDLQHGXVLQJWKHLQIUDUHGLPDJHV7KHWRWDOGHIRUPDWLRQSDWKV
RI WKH ZRUNPDWHULDO DUH REWDLQHG DFFRUGLQJ WR WKH YHORFLW\
ILHOGV7KHVWUDLQDQGVWUHVVILHOGVDUHFDOFXODWHGEDVHGRQWKH
WKHUPRHODVWRYLVFRSODVWLF FRQVWLWXWLYH PRGHO >@ ZLWK WKH
GLVSODFHPHQW DQG WHPSHUDWXUH ILHOGV DV LQSXWV7KH -RKQVRQ
&RRNSODVWLFFRQVWLWXWLYHPRGHODVVKRZQEHORZLVDGRSWHGWR
LQFOXGH VWUDLQ KDUGHQLQJ VWUDLQ UDWH VHQVLWLYLW\ DQG WKHUPDO
VRIWHQLQJ HIIHFWVZLWK WKH DVVXPSWLRQ RI LVRWURSLF KDUGHQLQJ
YRQ0LVHV\LHOGFULWHULD
 

 OQ  
m
n r
m r
T T
A B C
T T
HV H
H
§ ·§ · § ·¨ ¸   ¨ ¸ ¨ ¸¨ ¸© ¹ © ¹© ¹


  
ZKHUHV  H DQG H DUHWKHYRQ0LVHVHTXLYDOHQWVWUHVVVWUDLQ
DQGVWUDLQUDWHUHVSHFWLYHO\T LVWKHWHPSHUDWXUHRIWKHZRUN
PDWHULDOREWDLQHGE\WKHLQIUDUHGFDPHUD7KHYDOXHVIRU1$%
DUH 03DA  03DB   n   C  
m       V
pH  u DQG  &mT  q >@ 7KH
UHIHUHQFHWHPSHUDWXUH rT LV&
5HVXOWVDQGGLVFXVVLRQV
'XULQJ WKH FXWWLQJ SURFHVV WKH KLJK VSHHG FDPHUD DQG
LQIUDUHG FDPHUD ZHUH XVHG WR FDSWXUH WKH YHORFLW\ DQG
WHPSHUDWXUH RI WKH ZRUNSLHFH PDWHULDO 7KH FDSWXUHG YLVXDO
LPDJHVIRUWZRGLIIHUHQWFXWWLQJFRQGLWLRQVDUHJLYHQLQ)LJ
ED
)LJ9LVXDOLPDJHVIRUWZRFXWWLQJFRQGLWLRQVDV PPLQDQGEV 
PPLQ
6HUUDWHGFKLSJHQHUDWHGGXULQJWKHFXWWLQJSURFHVVIRUERWK
FXWWLQJ FRQGLWLRQV DV VKRZQ LQ )LJ  ,Q RUGHU WRPDNH WKH
FDOFXODWLRQ HDVLHU DQG UHGXFH WKH FRPSXWDWLRQ ZRUN WKH
GLVSODFHPHQW ILHOGVDW WKH VWDUWRIFKLSVHUUDWLQJDUHXVHGIRU
FDOFXODWLQJ WKH VWUDLQ DQG VWUHVV ILHOGV LQVWHDG RI WKDW DOO WKH
GLVSODFHPHQWILHOGVGXULQJWKHVHUUDWHGFKLSIRUPDWLRQSHULRG
DUHXVHG7KHFRUUHVSRQGLQJYHORFLW\DQGWHPSHUDWXUHILHOGVIRU
WZRFXWWLQJFRQGLWLRQVDUHJLYHQLQ7DEOH
$VVHHQIURPWKHYHORFLW\ILHOGVLQWKHOHIWFROXPQLQ7DEOH
EXLOWXSHGJHIRUPVZKHQWKHFXWWLQJVSHHGV, LVPPLQ
ZKHUH WKH YHORFLWLHV LQ ERWK GLUHFWLRQV DUH DOPRVW ]HUR )RU
FXWWLQJ FRQGLWLRQ ZLWK V    PPLQ EXLOWXS HGJH LV
QHJOLJLEOHDVVHHQIURPWKHYHORFLW\ILHOGVLQWKHULJKWFROXPQ
LQ7DEOH
'XH WR WKH ORZ FXWWLQJ VSHHGV =  PPLQ DGRSWHG WKH
LQIUDUHGFDPHUDVXFFHVVIXOO\FDSWXUHGWKHVHUUDWHGJHRPHWU\RI
WKHFKLSDVGHQRWHGE\WKHGDVKGRWOLQHVDVVKRZQLQWKHODVW
URZLQ7DEOH+LJKHVWWHPSHUDWXUHIRUFXWWLQJFRQGLWLRQZLWK
V  PPLQLVDERXW&JUHDWHUWKDQWKDWRIV =  PPLQ
DQG LW RFFXUVDORQJ WKH FKLSWRRO LQWHUIDFH IRUV =  PPLQ
+RZHYHUWKLVLVQRWWKHFDVHIRUV  PPLQ3RVVLEOHUHDVRQ
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LV WKDW WKHZRUNPDWHULDOHPLVVLYLW\FKDQJHVGXH WR WKH ODUJH
GHIRUPDWLRQHQFRXQWHUHGLQFKLSIRUPDWLRQSURFHVV
7DEOH9HORFLW\DQGWHPSHUDWXUHILHOGVIRUWZRFXWWLQJFRQGLWLRQV
V = PPLQ V = PPLQ


7DEOH6WUDLQUDWHDQGVWUDLQILHOGVIRUWZRFXWWLQJFRQGLWLRQV
V = PPLQ V = PPLQ


7KHLQIRUPDWLRQRIYHORFLW\DQGWHPSHUDWXUHILHOGVDUHWKHQ
LQSXW LQWR WKH WKHUPRHODVWRYLVFRSODVWLF FRQVWLWXWLYH PRGHO
7KH RXWSXWV DUH WKH VWUDLQVWUHVV ILHOGV DQG WKH VKHDU VWUHVV
GLVWULEXWLRQV DORQJ WKH VKHDU SODQH FDQ EH FDOFXODWHG 7KH
HTXLYDOHQWVWUDLQUDWHDQGVWUDLQILHOGVIRUWZRGLIIHUHQWFXWWLQJ
VSHHGVDUHVKRZQLQ7DEOH
$VZHNQRZWKHVKHDUSODQHLVDWZRGLPHQVLRQDOSODQHLQ
ZKLFKPD[LPXPVWUDLQUDWHRFFXUVVRWKHVKHDUDQJOHVFDQEH
GHWHUPLQHGDVDQGUHVSHFWLYHO\EDVHGRQ WKHVWUDLQ
UDWH ILHOG LQIRUPDWLRQ LQ7DEOH7KHPD[LPXPVWUDLQ UDWHV
[ V DQG [ V IRUV = PPLQ DQGV = PPLQ
UHVSHFWLYHO\RFFXURQWKHVKHDUSODQH7KHWKLFNQHVVRI36=LV
PDQXDOO\GHWHUPLQHGZLWKDPLQLPXPVWUDLQUDWHRI[V
)RUFXWWLQJFRQGLWLRQZLWKV =PPLQLWLVXPRIWKH
VKHDUSODQHOHQJWK,WLVXPRIWKHVKHDUSODQHOHQJWKIRU
V = PPLQ7KLVLVLQFRQVLVWHQFHZLWKWKHFRPPRQUDWLRV
RIOHQJWKWRWKHWKLFNQHVVRIWKH36=XVHGLQ2[OH\¶VPRGHO>@
'XULQJWKHFXWWLQJSURFHVVHVFKLSVHUUDWLRQIRUPV6RWKHUH
DUH PDWHULDO GLVFRQWLQXLWLHV DORQJ WKH FUDFN RU VKHDU EDQG
6RPHRIWKHGHIRUPDWLRQSDWKVRIWKHVHUUDWHGFKLSFDQQRWWUDFH
EDFN WR WKH LQOHW RI WKHZRUNPDWHULDO OHDGLQJ WR LQFRPSOHWH
VWUDLQ ILHOGV DV VKRZQ LQ7DEOH 0D[LPXP VWUDLQV IRU WZR
FXWWLQJFRQGLWLRQVRFFXUDWWKHFKLSWRROLQWHUIDFHDVVKRZQLQ
7DEOH7KHPD[LPXPVWUDLQIRUFXWWLQJFRQGLWLRQZLWKV = 
PPLQLVJUHDWHUWKDQWKDWRIFXWWLQJFRQGLWLRQZLWKORZ
FXWWLQJVSHHGV = PPLQ6WUDLQVDWWKHH[LWRIWKH36=DUH
DERXWaIRUERWKFXWWLQJFRQGLWLRQV6WUDLQLQFUHDVHVZKHQLW
LVFORVHUWRWKHFXWWLQJWRROWLS$VFDQEHVHHQIURPWKHVWUDLQ
ILHOGV WKHFXWWLQJFRQGLWLRQZLWKKLJKFXWWLQJ VSHHG V = 
PPLQ SURGXFHV WKLFNHU SODVWLFDOO\ GHIRUPHG OD\HU RQ WKH
PDFKLQHGVXUIDFHWKDQWKDWRIORZFXWWLQJVSHHGV = PPLQ
(TXLYDOHQWVWUHVVILHOGVIRUGLIIHUHQWFXWWLQJFRQGLWLRQVDUH
VKRZQLQ7DEOH:KHQFDUHIXOO\FRPSDULQJWKHJUDGLHQWRI
HTXLYDOHQWVWUDLQDJDLQVWWKHJUDGLHQWRIHTXLYDOHQWVWUHVVDWWKH
FKLSWRROLQWHUIDFHLWLVIRXQGWKDWWKHJUDGLHQWRIVWUDLQLVPXFK
ODUJHU WKDQ WKHJUDGLHQWRI VWUHVV7KLV LVGXH WR WKH VWURQJHU
HIIHFW RI WKHUPDO VRIWHQLQJ RQ \LHOG VWUHVV DW WKH FKLSWRRO
LQWHUIDFH
7DEOH(TXLYDOHQWVWUHVVILHOGVIRUWZRFXWWLQJVSHHGV
V = PPLQ V = PPLQ

)URP7DEOHDQGZHFDQVHHWKDW WKHHTXLYDOHQWVWUDLQ
DQG VWUHVV RI WKH FKLS FRQWLQXH WR LQFUHDVH HYHQ ZKHQ WKH
PDWHULDO H[LWV WKH GHIRUPDWLRQ ]RQH DQG VHSDUDWHV IURP WKH
FXWWLQJWRRO7KLVFDQEHH[SODLQHGE\WKHQRQ]HURVWUDLQUDWHRI
WKHFKLSDUHDZKLFK LVRXWVLGHRIGHIRUPDWLRQ]RQHVKRZQLQ
7DEOH7KHHODVWLFXQORDGLQJFDQQRWEHFDSWXUHGGXHWR WKH
ORZTXDOLW\RIWKHYLVXDOLPDJHV
+RZHYHUEDVHGRQ WKHDVVXPSWLRQ WKDW WKH VKHDUSODQH LV
YHU\ QHDUO\ D GLUHFWLRQ RI PD[LPXP VKHDU VWUHVV WKH VKHDU
VWUHVV GLVWULEXWLRQV DORQJ WKH VKHDU SODQH FDQ EH REWDLQHG DV
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VKHDUVWUHVVLVUHODWHGWRWKHHTXLYDOHQWVWUHVVE\WKHHTXDWLRQ
 W V  7KH VKHDU VWUHVV GLVWULEXWLRQV DORQJ WKH GDVKHG
OLQHVGHQRWHGLQ7DEOHIRUERWKFXWWLQJFRQGLWLRQVDUHVKRZQ
LQ)LJ
ED
   
)LJ6KHDUVWUHVVGLVWULEXWLRQVDORQJWKHVKHDUSODQHIRUWZRFXWWLQJ
FRQGLWLRQVDV  PPLQDQGEV  PPLQ
$VFDQEHVHHQLQ)LJWKHVKHDUVWUHVVHVDWWKHWZRHQGV
FRUUHVSRQGLQJWRWKHIUHHVXUIDFHDQGFXWWLQJWRROWLSDUHDOLWWOH
JUHDWHUWKDQWKRVHLQWKHPLGGOHIRUERWKFXWWLQJVSHHGV7KLVLV
GXH WR WKHZHDN WKHUPDOVRIWHQHIIHFWDW WKH IUHHVXUIDFHDQG
VWURQJVWUDLQUDWHKDUGHQLQJHIIHFWDW WKHFXWWLQJWRRO WLS7KH
VKHDUVWUHVVIRUKLJKFXWWLQJVSHHGLVKLJKHUWKDQWKDWIRUORZ
FXWWLQJVSHHGGXHWRWKHVWURQJHUVWUDLQUDWHKDUGHQLQJHIIHFW
&RQFOXVLRQVDQG2XWORRN
7KLV SDSHU SUHVHQWV D QHZ PHWKRGRORJ\ WR VWXG\ WKH
RUWKRJRQDOFXWWLQJPHFKDQLVPTXDQWLWDWLYHO\,WLVEDVHGRQWKH
GLVSODFHPHQW DQG WHPSHUDWXUH ILHOGV H[SHULPHQWDOO\ REWDLQHG
E\WKH3,9WHFKQLTXHDQGWKHUPDOLQIUDUHGLPDJHUUHVSHFWLYHO\
%RWK 3,9 DQG LQIUDUHG LPDJHU VXFFHVVIXOO\ FDSWXUHG WKH
VHUUDWHGJHRPHWU\RIWKHFKLSSURYLQJWKHKLJKSHUIRUPDQFHRI
WKHH[SHULPHQWDOVHWXS
,Q RUGHU WR PDNH WKH FDOFXODWLRQ HDVLHU DQG UHGXFH WKH
FRPSXWDWLRQ ZRUN WKH YHORFLW\ ILHOGV DW WKH VWDUW RI FKLS
VHUUDWLQJ ZHUH XVHG 7KH IRUPDWLRQ RI EXLOWXS HGJH ZDV
GHWHFWHGEDVHGRQWKHYHORFLW\ILHOGV7KHVWUDLQUDWHVWUDLQDQG
VWUHVV ILHOGV DUH REWDLQHG EDVHG RQ WKH WKHUPRHODVWR
YLVFRSODVWLF FRQVWLWXWLYHPRGHO 7KH JHRPHWULHV RI WKH VKHDU
SODQHDUHGHWHUPLQHGDFFRUGLQJWRWKHVWUDLQUDWHILHOGDQGWKH
UDWLRV RI WKH WKLFNQHVV RI VKHDU SODQH WR LWV OHQJWK DUH LQ
FRQVLVWHQWZLWKWKRVHXVHGLQ2[OH\¶VPRGHO7KHVKHDUVWUHVV
GLVWULEXWLRQV DORQJ WKH VKHDUSODQH DUHREWDLQHG DFFRUGLQJ WR
WKHFDOFXODWHGUHVXOWV
,W LV IRXQG WKDW WKH FXWWLQJ FRQGLWLRQ ZLWK KLJKHU FXWWLQJ
VSHHG SURGXFHV KLJKHU WHPSHUDWXUH ODUJHU VWUDLQ UDWH DQG
WKLFNHUSODVWLFDOO\GHIRUPHGOD\HU7KHVKHDUVWUHVVIRUKLJKHU
FXWWLQJVSHHGLVKLJKHUWKDQWKDWIRUORZHUFXWWLQJVSHHGGXHWR
WKHVWURQJHUVWUDLQUDWHKDUGHQLQJHIIHFW
+RZHYHUWKLVPHWKRGIDLOHGWRFDSWXUHWKHHODVWLFXQORDGLQJ
OHDGLQJWRZURQJYDOXHVDWWKHFKLSH[LWDQGPDFKLQHGVXUIDFH
(ODVWLFILQLWHHOHPHQWPHWKRGFDQEHLQFRUSRUDWHGLQWKHIXWXUH
WRWDFNOHWKLVSUREOHP
$FNQRZOHGJHPHQWV
7KLVZRUNZDV SDUWLDOO\ VXSSRUWHG E\ WKH1DWLRQDO %DVLF
5HVHDUFK3URJUDPRI&KLQD&%DQGWKH1DWLRQDO
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